ABSTRACT
processing. In fact, the addition of antioxidants to polyolefins is a common practice during film 39 manufacturing (Siró et al., 2006; Tovar, Salafranca, Sanchez, & Nerin, 2005) . 40 The new trends in using natural additives have produced a clear increase in the number of (Salafranca, Pezo, & Nerín, 2009) . Also, concentration 58 and/or isolation of analytes into a suitable solvent may be performed prior to chromatographic 59 analysis by the use of sample preparation and purification techniques such as solid phase 60 extraction (SPE) in order to improve detection and quantification (Burman, Albertsson, & 61 Höglund, 2005; Ridgway, Lalljie, & Smith, 2007) . 62 In a previous study, the effect of the addition of carvacrol and thymol at different 63 concentrations to PP films on the thermal, structural, mechanical and functional properties was 64 studied as well as the evaluation of the antimicrobial activity against two typical food born 65 bacteria, E. coli and S aureus, (Ramos, Jiménez, Peltzer, & Garrigós, 2012) . It was concluded 66 that the addition of both compounds at 80 g/kg showed some potential to be used as active 67 additives in PP formulations; showing thymol higher inhibition against the studied bacteria, 68 leading to higher antimicrobial activity. The aim of this study was to evaluate the release of 69 these compounds from PP films into different aqueous and fatty food simulants; including a 70 kinetics diffusion study and the evaluation of the antioxidant efficiency by the DPPH method. Ramos et al., 2012 (B), and ethanol 100 mL/L (C) were used as aqueous food simulants; whereas ethanol 950 98 mL/L and isooctane were employed as fatty food simulants.
99
Migration studies were conducted in triplicate at 40 ºC for 10 days in an oven (J.P. Selecta, 100 Barcelona, Spain), except for isooctane studies which were performed at 20 ºC and 50% relative 101 humidity for 2 days in a climatic chamber (Dycometal, Barcelona, Spain) . total 102 immersion migration tests were performed with 12 cm 2 of films and 20 mL of each simulant
103
(area-to-volume ratio around 6 dm 2 /L). A blank test for each simulant was also carried out. 
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where M P,0 is the initial amount of migrant in the packaging film (for a complete migration Table 2 . Table 3 .
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232
The higher migration observed into fatty food simulants could be also attributed to two 
287
The DPPH inhibition values were correlated with the AOs amount released from the films 288 (Table 3 ). The highest amount of released additives was observed into fatty food simulants; 289 although no significant differences between isooctane and ethanol 950 mL/L were observed 290 with different formulations at P < 0.05 (Fig. 1) processes. In addition, it has been reported that these additives could be also used to protect the 295 polymer against oxidative degradation during processing and further use (Ramos et al., 2012) .
296
Finally, the study of the combined activity of carvacrol and thymol in the same film at 40 297 g/kg of each compound (PPTC8) (Fig. 1) showed some additive effect between them as similar 298 results were obtained for samples with 80 g/kg of each compound (PPC8 and PPT8) separately.
299
This effect was more evident into fatty food simulants. In a first approach, the higher amount of migrated analytes occurs to isooctane (see α 315 values in Table 4 ). Furthermore, for this simulant, at t > 120 h, the equilibrium is not well 316 defined and, for example, for PPT8 almost all previously encapsulated thymol is released in 317 isooctane. This can be argued in two different ways: either by experimental or physical grounds.
318
Starting with the former, it seems that the quantification of AOs in isooctane, for longer times, Table 4 .
340
The experimental release data shown in Fig. 3 were further analysed in terms of a diffusion and PPC8 to different simulations can be modelled by using the following equation: 
353
Both parameters, M F,∞ / M P,0 and α are reported in Table 4 . 
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The results obtained for thymol and carvacrol are shown in Fig. 5A and Fig. 5B,   360 respectively. As it can be seen, the linearity of is well described by the proposed diffusion model for short-range times.
364 Fig. 5A and 5B
365
The analysis of diffusion coefficients (D) ( 
Conclusions
378
The release study of carvacrol and thymol from PP films into aqueous and fatty food 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Highlights
-The migration of carvacrol and thymol from PP films into food simulants was studied.
-The release of carvacrol and thymol from PP films showed a Fick's behaviour.
-The antioxidant activity of migration extracts was confirmed by the DPPH method.
-Thymol showed higher migration and antioxidant activity into fatty food simulants.
-Carvacrol and thymol show a potential use as antioxidants for active packaging.
